Introduction
============

Obesity is considered as an important health problem causing morbidity and mortality [@R5892833-1] . The prevalence of overweight or obese women increased globally from 29.8% in 1980 to 38.0% in 2013 [@R5892833-2] . According to the Turkish Epidemiology Survey of Diabetes, Hypertension, Obesity and Endocrine Disease (TURDEP-II) study performed by Satman et al., the prevalence of obesity in Turkish women is 44.2% and 27.3% in men [@R5892833-3] .

Studies have shown that maternal obesity during the pre-pregnancy and early pregnancy periods may cause some obstetric or perinatal complications [@R5892833-4] ,  [@R5892833-5] . Major pregnancy complications include gestational diabetes, pregnancy-induced hypertension, preeclampsia, postpartum hemorrhage, and increased risk of cesarean delivery. Infants of obese mothers are also at an increased risk of having low birth weights, preterm births, small for gestational ages (SGA), and stillbirths [@R5892833-6] .

Gestational diabetes mellitus (GDM) if not treated, may adversely affect maternal or perinatal outcomes [@R5892833-7] . Recent studies have shown that excessive weight gain and obesity in the pre-pregnancy period, especially in patients with GDM, are risk factors for future pregnancy and neonatal complications [@R5892833-8] ,  [@R5892833-9] . Likewise, in parallel with the increasing prevalence of obesity worldwide, pregestational and/or gestational weight gain (GWG) also gradually increases. For this reason, GWG in women with GDM should be restricted or limited to recommended values.

This study aimed to investigate the influence of obesity on pregnancy and neonatal outcomes in diabetic and nondiabetic women.

Materials and Methods
=====================

Study design and patient population
-----------------------------------

A total of 1193 pregnant women and their neonates were retrospectively reviewed in this study. Medical records of the patients were recruited from Zekai Tahir Burak Womenʼs Health Education and Research Hospital from March 2007 to March 2011. This study was specifically approved by the institutional review board of the current hospital. Patients were classified into 2 groups according to the presence of diabetes mellitus (both those with pregestational diabetes and gestational diabetes ones). The control group was randomly selected from the patients without current or previous history of pregestational and/or gestational diabetes mellitus in the high risk pregnancy unit of our hospital during the study period. Co-morbidities such as asthma, hypothyroidism, epilepsy, familial Mediterranean fever, etc. were also recorded for each patient. Multiple pregnancies and patients with a history of thromboembolism were excluded from the study.

Diagnosis of diabetes mellitus
------------------------------

The diagnosis of overt diabetes was made according to the American Diabetes Association, when the glycosylated hemoglobin (HbA ~1c~ ) was \> 6.5% or when the fasting plasma glucose level was \> 7.0 mmol/L or the 2-hour plasma glucose level was \> 11.1 mmol/L. Pregnant women were offered a fasting oral glucose tolerance test (oGTT) at 24 -- 28 weeks gestation. GDM diagnosis was made when fasting blood glucose was ≥ 5.5 mmol/L or blood glucose was ≥ 7.8 mmol/L two hours after a 75-g carbohydrate (glucose) loading.

The initial evaluation involved obtaining a general, gynecological, and obstetric history. Next, the vital signs are measured, and systemic, and ultrasound examinations performed in our high-risk pregnancy department. Demographic characteristics, pre-pregnancy body mass index (BMI), GWG, obstetric history, smoking status, gestational age at birth, route of delivery, pregnancy complications, neonatal weights, Apgar scores (1st and 5th minutes), and neonatal intensive care unit (NICU) admission ratios were recorded. Gestational ages were calculated according to the last menstrual period or first trimester measurement of crown--rump length. Pre-pregnancy BMI levels of all patients were calculated at first visit at 5 -- 7th week of gestation. Gestational weight gain is the difference in weight from first visit to last visit before delivery. It was accepted that women with a BMI of 30 kg/m ^2^ or more were in the obese range.

Definition of adverse obstetric and neonatal outcomes
-----------------------------------------------------

Pregnancies complicated with preeclampsia, gestational hypertension, preterm labor, preterm rupture of membranes (PROM), polyhydramnios, oligo/anhydramnios, intrauterine growth restriction (IUGR), stillbirth, abruptio placentae, placenta previa, intrahepatic cholestasis of pregnancy (ICP) were accepted as pregnancy complications. Preeclampsia was defined as elevated blood pressure (systolic ≥ 140 mmHg or diastolic ≥ 90 mmHg on at least 2 measurements with 4-hour intervals) plus proteinuria (≥ 300 mg/24 h) after 20 weeks of gestation. Preterm birth was accepted as any birth before 37 completed weeks of gestation. Polyhydramnios was defined as an amniotic fluid index (AFI) greater than 25 cm in the late second or third trimester whereas oligohydramnios was considered as AFI \< 5 cm. The IUGR diagnosis was made in serial fetal biometrics, where measurements or estimated fetal weights were determined below the 10th percentile. Stillbirth was diagnosed as fetal death in utero after 20 weeks of gestation. The diagnosis of ICP was made by maternal itching having occurred during the second half of pregnancy without skin lesions and elevation of total fasting bile acid. With 12-hour dosing interval, 12 mg betamethasone was administered to all pregnant women at or below 34 weeks of gestation for fetal lung maturation. Macrosomia was defined as birth weight greater than 4000 g. Adverse neonatal outcomes were regarded as neonates who needed intensive care. The need for neonatal intensive care unit (NICU) was approved by a neonatologist.

Statistical analysis
--------------------

Statistical analyses were performed with SPSS 11.5 software (SPSS Inc., Chicago, IL, USA). Normal distribution of data was assessed using the Shapiro-Wilk test. Variables were expressed as mean ± standard deviation for continuous variables and frequencies for nominal variables. Intergroup differences were investigated using the Student t test for normally distributed variables and the Mann--Whitney U test for non normal distributions. Differences between categorical data were evaluated by using the χ ^2^ test. Receiver operator characteristics curve analysis was used to find the discriminative factors between the groups. Logistic regression method was used to evaluate the risk factors affecting pregnancy complications and NICU admission rates. The best predictors which discriminated groups from each other were determined by multiple logistic regression analysis, where applicable. Any variable whose univariable test had a p value \< 0.05 was accepted as a candidate for the multivariable model along with all variables of known clinical importance. Adjusted odds ratios, 95% confidence intervals were calculated for each variable. Two-sided p values were considered statistically significant at p \< 0.05.

Results
=======

Demographic data
----------------

Of the 1193 women with and without DM, 525 were diagnosed with GDM and 82 with pregestational diabetes (study group). There were 586 pregnant women in the nondiabetic group (control group). The mean age of women in DM group was significantly higher than in the controls (32.3 ± 5.7 vs. 26.6 ± 5.6 years, p \< 0.001). Women in the study group had higher parity rates than the control subjects (p \< 0.001). There was no statistical difference in smoking habits between the diabetic and nondiabetic groups (p = 0.222). The pre-pregnancy BMIs of women with GDM and DM were significantly higher than in the control group 27.7 ± 5.0 vs. 23.3 ± 3.8 kg/m ^2^ , p \< 0.001). Accordingly, the prevalence of obesity was higher in DM group than in the controls (29.5 vs. 5.8%, p \< 0.001). However, GWGs were not statistically different between the diabetic and nondiabetic control groups (p = 0.132). Demographic and clinical characteristics of the patients were depicted in [Table 1](#TB5892833-1){ref-type="table"} .

###### 

**Table 1**  Demographic and clinical characteristics of the patients.

                                     Diabetic group (n = 607)   Nondiabetic group (n = 586)   P value
  ---------------------------------- -------------------------- ----------------------------- ------------------
  Age (years)                        32.3 ± 5.7                 26.6 ± 5.6                    **\< 0.001\***
  Body mass index (kg/m ^2^ )        27.7 ± 5.0                 23.3 ± 3.8                    **\< 0.001\*\***
  Gestational weight gain (kg)       12.2 ± 6.3                 12.6 ± 5.1                    0.132\*\*
  Gravida                            3.1 ± 1.8                  2 ± 1.4                       **\< 0.001\*\***
  Parity                             1.5 ± 1.3                  0.8 ± 1.0                     **\< 0.001\*\***
  Gestational age at birth (weeks)   38.0 ± 2.3                 38.3 ± 2.4                    **\< 0.001\*\***
  Birth weight (g)                   3406 ± 606                 3130 ± 521                    **\< 0.001\***
  Apgar score (1st min)              6.9 ± 0.9                  6.9 ± 0.6                     **\< 0.001\*\***
  Apgar score (5th min)              8.8 ± 1.2                  8.9 ± 0.8                     0.348\*\*

Gestational age at birth was significantly lower in the study group than in the controls (38.0 ± 2.3 vs. 38.3 ± 2.4 weeks, p \< 0.001). Conversely, preterm birth rate was significantly lower in the diabetic group than in the controls (2 vs. 5.6%, p = 0.001), and mean birth weight of DM patients was statistically significantly higher compared to controls (3406 ± 606 vs. 3130 ± 521 g, p \< 0.001). There was a meaningful difference in term of 1st minute Apgar scores between the groups, but 5th minute Apgar scores were similar in both groups (p \< 0.001 and p = 0.348, respectively). Although labor induction was significantly more prevalent in the control group, cesarean delivery rates were significantly higher in the DM group when compared with the control group (both p \< 0.001). Also, obese women had more cesarean delivery rates regardless of diabetes status than nonobese women (74.6 vs. 44.5%, p \< 0.001). The number of macrosomic infants was significantly higher in GDM and DM women when compared to controls (p \< 0.001). Similarly, obese women more frequently gave birth to a macrosomic infant (18.8 vs. 7.6%, p \< 0.001).

Obstetric and neonatal outcomes
-------------------------------

Pregnancy complications including preeclampsia, gestational hypertension, preterm labor, PROM, polyhydramnios, oligo/anhydramnios, IUGR, stillbirth, abruptio placentae, placenta previa, and ICP were similar among the two groups (p = 0.279). NICU admission rates were higher in those with GDM and DM than with the controls (17.1 vs. 9.7%, p \< 0.001) ( [Table 2](#TB5892833-2){ref-type="table"} ). It was seen that the newborn intensive care indications are as follows; hyperbilirubinemia (10), hypoglycemia (15), polycythemia (14), respiratory distress (80), hypoglycemia plus polycythemia (1), low birth weight (27), fetal anomaly (3), extreme prematurity (2), and others (9). As to pregnancy complications and NICU admission rates in obese patients, the pregnancy complications (45.5 vs. 28.5%) and the need for NICU (18.3 vs. 12.4%) were higher in obese ones compared to controls.

###### 

**Table 2**  Comparison of the categorical variables between the groups.

                                      Diabetic group (n = 607)   Nondiabetic group (n = 586)   P value\*
  ----------------------------------- -------------------------- ----------------------------- --------------
  Maternal age (≥ 32 years)           363 (59.8)                 133 (22.7)                    **\< 0.001**
  Multiparity                         460 (75.8)                 316 (53.9)                    **\< 0.001**
  Gestational weight gain (≥ 12 kg)   319 (52.6)                 339 (57.8)                    0.066
  Smoker                              46 (7.6)                   56 (9.6)                      0.222
  Preterm birth (\< 37 weeks)         12 (2.0)                   33 (5.6)                      **0.001**
  Labor induction                     139 (22.9)                 257 (43.9)                    **\< 0.001**
  Cesarean section                    438 (72.3)                 156 (26.6)                    **\< 0.001**
  Macrosomia (≥ 4000 g)               89 (14.7)                  25 (4.3)                      **\< 0.001**
  NICU admission                      104 (17.1)                 57 (9.7)                      **\< 0.001**
  Comorbidity                         57 (9.4)                   74 (12.6)                     0.074
  Obesity (≥ 30 kg/m ^2^ )            179 (29.5)                 34 (5.8)                      **\< 0.001**
  Pregnancy complication              200 (32.9)                 176 (30.0)                    0.279

Influence of obesity and diabetes on the outcomes
-------------------------------------------------

The receiver operator characteristics curve analysis showed that the best cut-off value of maternal age and gestational weight gain is 32 years and 11.5 kg for discriminating diabetic and nondiabetic patients. Multivariable logistic regression analysis revealed that obesity is the most significant risk factor for the occurrence of future pregnancy complications (OR = 1.772, 95% CI = 1.283 -- 2.449, p = 0.001). According to the results, DM seems to have no effect on pregnancy complications ( [Table 3](#TB5892833-3){ref-type="table"} ). When we evaluated risk factors for NICU admission, obesity lost its significance for predicting NICU admission in multivariable analysis (OR = 1.068, 95% CI = 0.683 -- 1.669, p = 0.773). However, DM was found to be an important parameter for adverse neonatal outcomes (OR = 1.706, 95% CI = 1.099 -- 2.648, p = 0.017) ( [Table 4](#TB5892833-4){ref-type="table"} ). On the other hand, it was shown that the only significant risk factor for both pregnancy complications and poor neonatal outcomes was the GWG (OR = 1.396 \[95% CI = 1.085 -- 1.795\] and OR = 1.685 \[95% CI = 1.176 -- 2.415\], respectively).

###### 

**Table 3**  Risk factors for pregnany complications among diabetic and nondiabetic patients.

                            Univariate analysis      Multivariate analysis                            
  ------------------------- ------------------------ ----------------------- ------------------------ -----------
  Gestational weight gain   1.465 (1.146 -- 1.872)   **0.002**               1.396 (1.085 -- 1.795)   **0.009**
  Maternal age              1.551 (1.212 -- 1.985)   **\< 0.001**            1.383 (1.063 -- 1.800)   **0.016**
  Diabetes                  1.145 (0.896 -- 1.462)   0.279                   --                       
  Obesity                   2.101 (1.551 -- 2.845)   **\< 0.001**            1.772 (1.283 -- 2.449)   **0.001**
  Comorbidity               0.578 (0.303 -- 0.752)   **0.001**               0.487 (0.307 -- 0.773)   **0.002**
  Smoking                   1.894 (1.256 -- 2.857)   **0.002**               1.847 (1.216 -- 2.805)   **0.004**
  Multiparity               1.007 (0.780 -- 1.302)   0.956                   --                       

###### 

**Table 4**  Risk factors for neonatal intensive care unit admission in diabetic and nondiabetic patients.

                            Univariate analysis      Multivariate analysis                             
  ------------------------- ------------------------ ----------------------- ------------------------- --------------
  Gestational weight gain   1.995 (1.423 -- 2.798)   **\< 0.001**            1.685 (1.176 -- 2.415)    **0.004**
  Maternal age              1.595 (1.143 -- 2.226)   **0.006**               1.289 (0.876 -- 1.898)    0.198
  Diabetes                  1.919 (1.359 -- 2.710)   **\< 0.001**            1.706 (1.099 -- 2.648)    **0.017**
  Obesity                   1.576 (1.061 -- 2.341)   **0.023**               1.068 (0.683 -- 1.669)    0.773
  Vaginal delivery          0.562 (0.400 -- 0.791)   **0.001**               0.725 (0.468 -- 1.121)    0.148
  Macrosomia                1.138 (0.660 -- 1.961)   0.642                   --                        
  Comorbidity               0.557 (0.294 -- 1.058)   0.070                   --                        
  Labor induction           0.475 (0.317 -- 0.711)   **\< 0.001**            0.663 (0.413 -- 1.033)    0.069
  Preterm birth             4.685 (2.516 -- 8.724)   **\< 0.001**            5.206 (2.592 -- 10.457)   **\< 0.001**
  Pregnancy complication    5.809 (4.065 -- 8.301)   **\< 0.001**            1.097 (1.065 -- 1.129)    **\< 0.001**
  Smoking                   1.022 (0.566 -- 1.843)   0.943                   --                        
  Multiparity               0.863 (0.612 -- 1.217)   0.401                   --                        

Discussion
==========

This study investigated the influence of obesity and pregestational/gestational DM status on pregnancy complications and neonatal outcomes. We found that obesity and DM prevalence increased with age; obese women experienced DM more and the combination of obesity and DM increased cesarean delivery rates, macrosomic neonates, and NICU admission rates.

Obesity is a global problem, which includes pregnant women. The incidence of obesity has increased dramatically in recent years. One third of pregnant women are reported to be overweight or obese [@R5892833-10] . Recent studies have found that, in cases of the coexistence of DM with obesity, maternal and fetal risks are increased [@R5892833-11] . In our study, obesity was more frequent among DM patients, and those patients with DM were older than the controls. These findings were similar with previous studies suggesting that obesity increases with age [@R5892833-12] ,  [@R5892833-13] .

Maternal hormones are antagonistic to insulin, therefore and insulin resistance state occurs during pregnancy. Three to five percent of pregnancies are complicated by DM. The prevalence of pregestational DM in the United Kingdom, including type 1 and type 2 DM, increased from 3.1 per 1000 births in 1996 -- 1998 to 4.7 per 1000 births in 2002 -- 2004 [@R5892833-13] ,  [@R5892833-14] . Obesity is suspected to be one of the main factors of this increase. After delivery, 2 -- 14% of obese women receive a type 2 DM diagnosis, and 3 -- 35% of these have an impaired glucose tolerance [@R5892833-15] . Similarly, in our study, pre-pregnancy BMI values of diabetic women were significantly higher than in the controls.

Recommended optimal weight gain during pregnancy is 12.5 -- 18 kg for underweight women (pre-pregnant BMI \< 18.5), 11.5 -- 16 kg for normal women (18.5 ≤ pre-pregnant BMI ≤ 24.9), 7 -- 11.5 kg for overweight women (25 ≤ pre-pregnant BMI ≤ 29.9), and 5 -- 9 kg for obese women (pre-pregnant BMI ≥ 30) [@R5892833-16] . However, there are no recommendations on the optimal weight gain during pregnancy for women with GDM. According to our findings, although the obesity was more prevalent and mean BMIs were higher in DM patients than in controls, GWG was similar among the groups. This may be due to the effect of diet and lifestyle advice or interventions given to women with increased pre-pregnancy BMIs.

Pregnancy complications increased in the overweight/obese women; preterm labor is suspected as the reason for this increase. High pre-pregnancy BMI levels were found to be related with preterm deliveries and preterm infants large for gestational age (LGA) neonates [@R5892833-12] ,  [@R5892833-17] . Although previous epidemiologic studies indicated that underweight mothers have a higher risk of having low-birth weight and SGA babies [@R5892833-18] ,  [@R5892833-19] , none of the previous meta-analyses considered underweight women in their analysis. In our study, we also did not consider underweight women. Unlike to these studies, we found that preterm delivery was lower in women with pregestational/gestational DM. This may be due to the fact that normal/underweight women had smaller uteri and lower uterine blood flow, which may have caused the preterm births.

Cesarean delivery rates in diabetic women were 2.651-fold (95% CI = 2.311 -- 3.042) higher than the controls in our study. Also, obese women had more cesarean delivery rates regardless of diabetes status than non-obese women (OR = 2.190, 95% CI = 1.727 -- 2.776). Martin stated that obese women had increased cesarean delivery rates independent of their diabetes status [@R5892833-13] . Adipocytes are abundant in obese women, so they may cause inflammatory responses and the birth canal could be narrowed by pelvic soft tissue resulting in an increase in cesarean deliveries. Alternatively, increased macrosomic fetus rates also cause increased cesarean deliveries. Previous studies have suggested that overweight and obese women were more likely to give birth to macrosomia babies than women with normal BMI [@R5892833-20] ,  [@R5892833-21] . Not only pre-pregnancy BMI but also GWG is suggested to cause macrosomia [@R5892833-22] . Similarly, in our study, neonatal birth weights were higher in the DM group than in controls. Also, obese women more frequently gave birth to a macrosomic infant. Although antenatal care has been shown to improve perinatal mortality, NICU admissions are still higher in diabetic women than in nondiabetics [@R5892833-12] ,  [@R5892833-23] . Our findings were similar to the findings in the literature indicating that NICU admission rates were significantly higher in the DM group than in the controls. The incidence of shoulder dystocia, brachial plexus injury, or malpresentations was increased in macrosomic fetuses [@R5892833-24] . However, since cesarean rates in GDM/DM patients were high in our study population, these complications were rare for the statistical analysis.

Pregnancies complicated with DM are under the risk for some well known pregnancy complications such as preeclampsia, gestational hypertension [@R5892833-25] , and polyhydramniosis [@R5892833-26] . Preeclampsia incidence has also been found to be higher in diabetic pregnant females with vascular complications [@R5892833-27] . Polyhydramnios incidence is 1 -- 2% in all pregnant women, however, in diabetic pregnants its incidence increases to 6 -- 31%. Fetal hyperglycemia occurs due to maternal hyperglycemia, which then leads to fetal polyuria [@R5892833-26] . Although there is some disagreement on the relationship between obesity and the amnion fluid index, some stated that obesity accompanied with polyhydramnios increases GDM and macrosomia [@R5892833-24] . The hypertensive disorders of pregnancy (n = 136) and polyhydramnios (n = 75) were the two leading causes of pregnancy complications in our study population. Although there was no significant difference between the diabetic and nondiabetic groups in terms of overall pregnancy complications, preeclampsia, gestational hypertension and polyhydramnios were more frequent in the diabetic patients.

There are some limitations in this study. First, we did not separate DM group as pregestational DM and GDM. It is well known that pregestational DM is a more serious disease than GDM [@R5892833-28] . However, according to our records all of them were under the regular antenatal follow-up. Secondly, BMI was not categorized as underweight, normal, overweight, and obese. Since our study population was small, studies with a higher number of pregnant females who are further classified as underweight and obese are needed. A third limitation is the retrospective nature of the study, and another limitation is that our study was insufficient in analyzing perinatal macrosomia complications that included shoulder dystocia and brachial plexus injuries. The reason for this was due to the higher rates of cesarean delivery in our center.

In conclusion, maternal obesity is more common among pregnant women with DM. Obesity seems to be associated with pregnancy complications whereas DM is related with increased rate of NICU admission in newborns. However, the main risk factor for both adverse pregnancy outcomes is the weight gaining during pregnancy. Clinicians and family doctors should consult women before pregnancy on the risks of obesity and GWG on pregnancy complications and neonatal outcomes. Also, during antenatal care, clinicians should pay more attention to GWGs and advise pregnant women on the appropriate calorie/protein intake to prevent fetal macrosomia. Public and private organizations should introduce adequate nutrient supplementation during adolescent and pre-pregnancy periods to prevent obesity, and to prevent child marriages in order to decrease maternal complications in low--middle income developing countries.
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